Methods for controlling accurately the diameter d e of a pure electron plasma in a nested trap of the BX-U machine are described. By controlling the acceleration voltages and the number of electron guns activated, we can successfully change d e over the range between 0.28 and 2.27 cm. Therefore, d e can be made almost exactly the same as the diameter of a lithium ion plasma enabling the investigation of a two-fluid plasma state by using non-neutral plasmas. A two-fluid plasma [1, 2] is an extended magnetohydrodynamic (MHD) model that is widely used for explaining microscopic plasma phenomena that cannot be explained by conventional one-fluid MHD. In a two-fluid plasma, the velocity fields of the ion and electron plasmas are determined by separate fluid equations of motion. Also, the densities of the ions and electrons may differ from each other. However, such a two-fluid plasma stateespecially one in differentially rotating equilibrium [3]-has never been verified in laboratory experiments. To investigate the two-fluid plasma state experimentally, we have tested it by using pure lithium-ion (Li + four thermionic e − emission cathodes are installed 2.3 cm away from the machine axis [7] . The number of cathodes used to produce the e − plasma varies. However, in most cases, three cathodes are activated, because the three e − beams merge quickly and form an e − plasma in the short time of ≈ 200 µs [7] . The positions of these cathodes can be also varied; however, all are fixed in the presented research. From these guns, Li + -ions and e − beams launched toward the central part of the BX-U machine, where a set of multi-ring electrodes is installed. By applying an independent potential to each electrode, a nested trap [9, 10] can be formed there, as shown in Fig. 2 . The BX-U trap contains a uniform axial magnetic field up to 0.13 T, which confines both the Li + -ions and the e − plasmas radially. The positive and negative potential wells trap [11] the Li + -ion and the e − plasmas separately but also simultaneously [12] , as shown in Fig. 2 (a) . We have not yet investigated experimentally the shape of the e − plasma trapped in the negative harmonic potential well of the nested BX-U trap. However, the e − plasma lasts for at least 5 s, which is much longer than the electron-electron binary collision time (≈ 8 ms for T e ≈ 15 eV and n e ≈ 5.3 × 10 13 m −3 ). We therefore expect the e − plasma to be relaxed into rotational thermal equilibrium in the negative harmonic potential well, which strongly suggests that the shape of the e − plasma is a spheroid. Subsequently, we translated the Li + -ion plasma Fig. 1 Schematic of the BX-U linear trap.
A two-fluid plasma [1, 2] is an extended magnetohydrodynamic (MHD) model that is widely used for explaining microscopic plasma phenomena that cannot be explained by conventional one-fluid MHD. In a two-fluid plasma, the velocity fields of the ion and electron plasmas are determined by separate fluid equations of motion. Also, the densities of the ions and electrons may differ from each other. However, such a two-fluid plasma stateespecially one in differentially rotating equilibrium [3] has never been verified in laboratory experiments. To investigate the two-fluid plasma state experimentally, we have tested it by using pure lithium-ion (Li + ) [4] and electron (e − ) plasmas. These are so-called non-neutral plasmas [5] . They can be relaxed into separate rotating thermal equilibria, which rotate rigidly in opposite azimuthal directions, owing to the different signs of their charges. These properties provide definite initial conditions for the Li + -ion and e − plasmas before superimposing them to produce a two-fluid plasma state. In our first series of superimposition experiments [6] , two problems emerged to be solved. First, the densities of the ion n i and electron n e plasmas could not be controlled, an essential requirement for controlling the ratio of n i to n e precisely. Second, the diameter d e of the e − plasma was much smaller than that d i of the Li + -ion plasmas, which breaks the implicit assumption d e = d i employed in theoretical studies of two-fluid plasmas. In the present paper, we describe methods for solving these two experimental problems. Experiments to superimpose a Li + -ion plasma on an e − plasma have been conducted in the BX-U linear trap [7, 8] as shown in Fig. 1 away from the machine axis [7] . The number of cathodes used to produce the e − plasma varies. However, in most cases, three cathodes are activated, because the three e − beams merge quickly and form an e − plasma in the short time of ≈ 200 µs [7] . The positions of these cathodes can be also varied; however, all are fixed in the presented research. From these guns, Li + -ions and e − beams launched toward the central part of the BX-U machine, where a set of multi-ring electrodes is installed. By applying an independent potential to each electrode, a nested trap [9, 10] can be formed there, as shown in Fig. 2 . The BX-U trap contains a uniform axial magnetic field up to 0.13 T, which confines both the Li + -ions and the e − plasmas radially. The positive and negative potential wells trap [11] the Li + -ion and the e − plasmas separately but also simultaneously [12] , as shown in Fig. 2 (a) . We have not yet investigated experimentally the shape of the e − plasma trapped in the negative harmonic potential well of the nested BX-U trap. However, the e − plasma lasts for at least 5 s, which is much longer than the electron-electron binary collision time (≈ 8 ms for T e ≈ 15 eV and n e ≈ 5.3 × 10 13 m −3 ). We therefore expect the e − plasma to be relaxed into rotational thermal equilibrium in the negative harmonic potential well, which strongly suggests that the shape of the e − plasma is a spheroid. Subsequently, we translated the Li + -ion plasma into the nested trap where the e − plasma is confined, as shown in Fig. 2 (b) . For the duration of this superimposition, a two-fluid plasma state is thus generated experi- mentally. For diagnostics, we employ a microchannel plate (MCP) followed by a phosphor screen [13] . Images taken by a high-speed ICCD camera placed outside the vacuum vessel appear on the screen consecutively [14] . Using image analysis [13] , we obtained the changes in the twodimensional shapes of both the Li + -ion and e − plasmas after the formation of the two-fluid plasma state. We use the full width at half maximum of the one-dimensional luminosity profile along a horizontal line [4] passing through the center of the e − plasma as the value of d e . This is the same procedure as the method to determine the diameter d i of pure Li + -ion plasma confined in the BX-U [4] .
The values of d i and d e are strongly correlated with the plasma frequency [15] . Since the plasma frequency depends on n i (or n e ) [16] , d i (or d e ) can thus be controlled by controlling n i (or n e ). Figure 3 In that case, the difference between d i and d e is only 4%. Currently, we are accumulating data on the two-fluid plasma state obtained by using the control methods described above. These data will be reported elsewhere. 
